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Abstract 


In the course of 3000 hours observation of the interplanetary 
plasma, the plasma and magnetic field experiments on Explorer 34 have 
detected eleven discontinuous solar wind speed changes, 
not associated with shocks, of more than 60 km/sec in less than 3 
min„ These events, called uD’s, may show a velocity change of either 
sign, but the plasma density and temperature are not found to change 
appreciably across them* Each speed discontinuity occurs simultaneously 
with a directional discontinuity in the magnetic field. High 
resolution magnetic field data show that sometimes the directional 
changes occur as rotational fans, and at other times they are erratic 
or occur within the time resolution of the magnetic field experiment, 

2 0 6 seco The flow direction of the solar wind changed at two of 
the eleven uDVso The quiet nature of the field and plasma on each 
side of these events gives the impression that they are stable. The 
existence of these uD f s is shown to be consistent with the theory of 
the Helmholtz instability., In particular, the additional observation 
that the magnetic field direction change, (D , at a uD tends to be near 
90° is consistent with the theory, for uD's with small uu may become 
unstable as they move from the sum 



I. Introduction 


Tlie- existence of tangential discontinuities in the interplanetary 
medium has heen suggested by several authors (see the review by 
Colburn and Sonett (1966)). A tangential discontinuity can be 
pictured as the boundary between two adjacent, rectangular, flux 
tubes (see Figure l). The magnetic field and plasma parameters 
may differ in each tube, but the pressure normal to the boundary 
must be the same in both tubes. In principle, the tubes can move 
relative to one another along the surface between them (the glide 
plane). As the flux tubes are convected past the satellite, their 
relative motion can be observed as a discontinuity in the solex wind 
speed (Burlaga 1967a) . Let us use the symbol uD to denote a solar 
wind speed discontinuity.. Burlaga (1967 a ) has shown that several types of 
tangential discontinuities do exist in the solar wind, and that small 
uD's (i.e., changes less than 15 lan/sec which occur within fl sec) 
are sometimes observed at directional discontinuities. 

It is well known that in an ordinary fluid a velocity discontinuity 
(vortex sheet) is absolutely unstable. In a hydromagnet ic fluid 
however, velocity discontinuities may be stable under certain conditions. 
Sen (i960) has presented two necessary conditions for stability in 
an incompressible , hydromagnetic fluid: l) the streaming speed, v > 
must be less than \[2" times the Alfven speed, 2) the magnetic field 
direction must, in general, change by a sufficiently large •amount at the 
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discontinuity. The effect of compressibility has also been studied 
by Sen (1964) who concludes that it is probably not significant when 

v» v A . 

The primary aim of this study was to determine whether large 
velocity discontinuities not associated with shocks exist in the 
solar wind, and if so, whether their existence is consistent with 
Sen's stability conditions. It is found that large uD* s (i.e. 
changes in the' solar wind speed which are >60 km/sec and occur in 
less, than 3 min.) do exist. Such discontinuities occur 
when the magnetic field energy density exceeds the kinetic energy 
density and when^h-^ where *u is the observed change in the solar 
wind speed. It is also found that magnetic field directional 
discontinuities always occur simultaneously with a large uD, and 
that the size of the directional discontinuity tends to be near 90°. 
No small (*45°) directional discontinuities were observed at the 
large. uD's although Burlaga {-1968b ) has shown that, in general, small 
directional discontinuities were seen far more frequently than large 
ones during If 66. These observations are discussed in relation 
to Sen's stability criteria. 
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II. Instruments 


The plasma and magnetic field data used for this study were 
obtained by Explorer 34, an earth- orbiting satellite with an 
apogee of 34 Re* The data were obtained between May 30, 1967 
and December 2 6, 1967 during which time the satellite spent 
~ 3000 hours in the interplanetary medium. 

The plasma data were obtained with an instrument developed 
by Ogilvie et al. , (1968). It consists of a velocity selector 
and an electrostatic analyzer which give proton and alpha 
particle spectra separately. The proton differential energy 
spectrum consists of 14 channels in the range 310 eV - 5100 eV. , 
which form a geometric progression with a ratio 1.24:1 and have 
a full width Since energy spectra are formed by counting 

for 2.6 sec. at each energy level, a typical 3-bar spectrum 
is obtained in 7.8 sec; successive proton spectra are obtained 

at 3 min. intervals. 

The plasma distribution function f(v) for a given proton 
spectrum is represented by fitting the unfolded spectrum by a 
series of maxwellian arcs, as described by Burlaga and Ogilvie 
(1968) and Ogilvie et al. , (I967). The fluid parameters - 
density n, mean speed u, and temperature T - are obtained by 
talcing moments of f(v): 
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With just a few exceptions, the plasma parameters 
presented in this paper were obtained from spectra containing 
3 or 4 bars with counts greater than 2 standard deviations 
above the mean background counts. From such a spectrum, the 
mean speed can be determined with an error (2$, but the density 
and to a greater extent the temperature are sensitive to the 
number of bars and the counting rate. To estimate the errors 
in the fluid parameters which are a consequence of the limited 
resolution of the instrument, a simulation program has been 
developed. This program computes the counts which the 
instrument would record in each energy channel if the plasma 
were maxwellian with parameters n', u! , T', and it computes 
the fluid parameters would be measured (n* 1 , u' ' , and T 1 ') 
using the basic procedure described above. To test the accuracy 
of the actual measured parameters n, u, T, it is assumed that 
n— n, u'=u and T — T', and these parameters are introduced into 
the simulation program to compute n'', u' 1 , and T' 1 . If 
n«n''> u=u' ' , and T=T' ', it is assumed that the measured 
parameters are correct. If n + n'', u-£u'' and T*T ' ’, the 
difference between the unprimed and double-primed quantities 
is taken as a measure of the errors in the measured fluid 
parameters due to instrumental resolution. As might be 
expected, these errors are largest when the density is low 
(giving low counts), when the mean speed is high (giving 
fewer bars and lower counts because of the wider spacing of 
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energy channels at higher energies) and when the temperature 
is low (giving few "oars ) . It is found that the parameters are 
insensitive to the flow direction. The error in u is almost 
always <3$, 

The plasma prohe has coarse directional resolution, designed 
primarily for magnetosheath flow studies, which provides some 
information concerning interplanetary plasma flow direction. 

This information is obtained by recording the counts in each 
of 16, 22.5° sectors (see Figure 2) and transmitting the number 
of the sector containing the maximum number of counts. Figure 2 
shows that radial solar wind flow with an alteration of 4° west 
is in a direction 3° east of the boundary between sectors 9 
and 10. Clearly, radial flow produces the maximum number of 
counts in sector 9 , while flow from > 3° W produces the maximum 
counts in sector 10, Thus, a change in the solar wind direction 
can be detected if it moves from a direction in sector 9 to a 
direction in sector 10, but the magnitude of the change cannot 
be determined. 

The magnetic field data were obtained by Ness and Fairfield 
with a tri-axial, flux-gate magnetometer. The digitization error 
is +.16y and the components of the magnetic field are measured to 
an accuracy « + ,2y. Complete vector measurements of the magnetic 
field are determined at 2.56 intervals. Most of the magnetic field 
data below are 20.45 sec. averages computed by averaging eight 
successive measurements of each component of the magnetic field. 
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uD. Only uD's with Au ^60 km/sec were selected for further 
study. 

4) HD's associated with the interplanetary shocks identified 
by Ogilvie. and Burlaga (1968) were excluded. 

The above procedure identified 11 large uD's ( (Au ^60 km/sec) 
/ (3 min.) ) in 3000 hours of Explorer 34 interplanetary data during 
the period may 30, 1967 to December 26, 1967. 

B. Plasma and Magnetic Field Parameters near uD's 

The plasma and magnetic field parameters for 11 uD's are given 
in Table I. The tabulated plasma parameters are essentially means 
for the 9 minute intervals preceding and following each uD. The 
mean value for a 9 minute interval is not always the most 
appropriate one, so the numbers in Table I include a subjective 
judgement by the author which is based on simulation studies for 
these parameters as discussed in section II above, on the variation 
of the parameters before and after each uD, and on the author's 
general experience with the plasma probe data. However, 
the subjective changes are all within the errors quoted. 


The errors quoted in Table I are based on the variation of the 
plasma parameters in the 9 minute intervals before and after 
each uD, and on the difference between the measured parameters 
and the parameters obtained by introducing the measurements 
into the simulation program, and are probably conservative. 

Magnetic field data are given in Table I, rows 7-12, where 
B is the magnetic field intensity, f is the solar ecliptic longi- 
tude { f- 0° if B is toward the sun, and /> 0*in the dusk 
meridian), and e is the solar ecliptic latitude ( e > o“ if B is 
directed north of the ecliptic plane). The data are essentially 
means for the 1 minute intervals which precede and follow each 
directional discontinuity (see below) associated with a uD. 

In the case of a rotation fan (see section IIlc), the numbers 
are baaed on data in the 1 minute intervals which precede and 
follow the fan. The rms uncertainties which are quoted are larger 

than the measurement and digitization errors, so they represent real 

time variations in the field before and after the uD's. It can 
be seen that these time variations are small ( a. b/b * 10$, 

A e / ~10°) 

Several interesting results follow immediately from Tfble 1. 

1) uD’s with a.u >85 km/sec. within 3 min. exist in the 
interplanetary medium (see Table 2, rows 1 and 2). 

2) Large uD’s usually occur when the solar wind speed is 
larger than average. For 9 of 11 uD’s the wind speed 
exceeded 500 km/sec for 5 it exceeded 600 km/ sec. 
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3) Large uD's usually occur -when the temperature is > ltf 

°K, when the density is < 4 /cm 3 and when the magnetic 
field intensity is > 5y. 

h) The density, temperature end magnetic field intensity do 
not change appreciably across a uD. This is seen in Table 2 
which gives n-j_ - n 2 , T^ - T 2 , and - Bg. The density and 
temperature do not change at all within the errors quoted, 
and the change in B is less than . 5 ^ for 6 uD' s, A small 
(ar i'll to 2^), probably real, change in B was found for 5 
uD's (2 increases and 3 decreases). 

5) The magnetic field pressure, B 2 /8ft , dominated the plasma 
pressure, nkT, near all of the uD's. This is shown in rows 
16 and 17 of Table 2 which give the ratio 


T 

p- B*/8ir 


£ n (c^l ) 'T* 

■ im 2 


( 1 ) 


6) The pressure 

? = A 2 + » I. T = 10 \i ( Bftlf + 1, 1 •rt*l0 5 V‘4 2) 


is constant across each uD, within the experimental errors. 

The temperature used to compute pj and p 2 in Table 2 is the 
proton temperature. Strictly speaking, the electron 
temperature Te, should be included, but it is unknown. It 
would affect the pressure balance if T^ is much different 
from Te 2 e n d- if max (T e ^, Te 2 ) is much greater than the proton 
temperature. 
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7) Each uD is associated with a discontinuity in the 
direction of the magnetic field, (For a discussion of 
directional discontinuities see Burlaga ( l9$3fc) ) 

S. Directional. Discontinuities Associated with uD's 
Table I, rows 9 to 12, shows that each of the H large uD’s 
is associated with a discontinuity in the direction of the 
interplanetary magnetic field, figure 2, which shows 4 types 
of uD's, illustrates the general observation that the directional 
discontinuity and the discontinuity in mean speed are simultaneous 
within the time resolution of the plasma probe. The existence of 
a directional discontinuity indicates that the elemental flux 
tubes, which are in relative motion along the surface of a 
tangential discontinuity, are not parallel to one another. 

The angular separation between the vectors B]_ and B2 
which preceed and follow a directional discontinuity is given by 
Cj , where 

cosco- (3) 

cos Cj = cos COS © 2 CO S O^t" 4) + ‘ r, * ? \ Si * 00 

The angular changes, &>, were computed for each of the 11 uD's 
in Table I to an accuracy of4rl5°, using the parameters in rows 9 - 
12 of that, table; the results are recorded in Table 2, row 7. It 
is important to note that the smallest oa is 46° , the largest is 
161°, and the mean value of ta is 93° . The values of tu are shown. 
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graphically in Figure 4c, which clearly shows the tendency to 
cluster about 90°, with 6 cus^90° and 5^90°. This distribution 
is quite suprising in that it is quite unlike the general 
distribution for directional discontinuities which was reported 
by Burlaga ( 1968 b), viz. dW/dw oc exp (-(«*> /75°) 2 ). There are 
at least 2 ways to explain this result: 

1) The large uD's develop only at large directional 
discontinuities . 

2 ) Large uD's are initially associated with both large 
and sina.ll directional discontinuities in the proportion 
implied by Burlaga’ s determination of dN/dtO, but those with 
small <0 become unstable and rapidly dissappear. tJ e shall 

discuss this possibility in Section E below. 

Another meaningful quantity associated with a directional 

\ 

discontinuity is the direction n, where 

iU . ( 5 ) 

This is the direction normal to the surface between two flux tubes 

A 

separated by a tangential discontinuity. The vector n was computed 

for each of the 11 uD’s. The solar ecliptic directions of 

these vectors are given in rows 8 and 9 of Table 2 and by a and b 

A 

in Figure k. The distribution of n’s is similar to that found by 
Burlaga ( 1968 b) for a much larger class of directional discontinuities. 
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"When the magnetic field data for the large uD's are 

examined with the high time resolution data ('2. 6 sec), it is found 

that some of the associated directional "discontinuities" 

are actually structured. The top 2 curves in Figure 5 show 

how the magnetic field direction changed through the 

"discontinuities" at 0251 UT on day 216 and at O917 UT on 

» 

day 263. The dots are the high resolution measurements; 
the open circles are averages, each "based on 8 successive 
measurements. Note that the magnetic field vector changes 
direction across the "boundary between the adjacent flux tubes 
by rotating along a smooth curve. Siscoe et al., (1968) 
previously identified such rotation fans in the interplanetary 
medium, but they did not show that the fans may be associated 
with plasma discontinuities. Siscoe et al. showed that 

rotation fans tend to be planar. For a truly planar rotation 

A A 

fan there is a direction n' such that B. • n' = 0, i= 1, N, where 
N is the number of vector; measurements in the fan.. In general, the 
vectors are not planar because of real and instrumental fluctuations, 
but we can calculate the normal to a plane about which the 
vectors are distributed by minimizing the quantity I(B- ft') 2 
subject to the constraint (V ) 2 = 1. ' For the fan at 0251 UT on day 
216, this procedure gives a plane in the direction 8 n =22° , <j» n =54° . 
Table 2, rows 8 and 9 in column A, shows that within the experi- 
mental uncertainties, ), this agrees with the direction of 

the glide plane normal computed from (5), viz. 0^=10°, (J>jf=55°. The 
average component of B along ft (i.e. normal to the glide plane) was 
found to be (-.3 4* .5)Y. 
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A s imi lar computation for the glide plane near 0917 UT on day 263 
gives ©ftf-56 0 , j^'60° which may he compared with © n = -36°, j> n = 33°> 
from column B in Table 2. The average component of normal to the 
plane determined by 9 n , is (l. 5±*6)%, which is ^ 10$ of 

the total field. 

The field does not always change through a directional 
discontinuity by means of a rotation fan. Figure 3 shows that the 

v 

field moved very erratically through the directional discontinuity 
associated with the uD at 0106 UT on day §40. However, Figure 3 a 
shows that the field direction was fluctuating appreciably at 
high frequencies throughout the period near this uD. There are 
other uD’ s at which the change in magnetic field direction occurs ' 
within 2.6 sec. so that no rotation of any kind can be measured for 
these uD's (e.g. the uD at 1542 UT on day 314). 

D. Change in Flow Direction at a uD 

As discussed in Section II the plasma probe on Explorer 34 
can detect changes in the solar wind direction under certain 
conditions. In particular, one can determine whether the maximum 
flow is into sector 9 or sector 10, as illustrated in Figure 2. 

Figure 6 shows the measured flow direction in an hour 
interval centered about the uD at 0105 UT on day 340. Before 
the discontinuity arrived, the flow was into sector 10 (see 
Figure l). Immediately after the uD, the flow was into sector 
9, and it varied between sectors 9 and 10 for 30 minutes after 
the uD. Thus, it is established that a change in flow direction 
can occur at a uD. Since the uD was accompanied by a directional 
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discontinuity, we also have the result that the solar wind direction 
may change at a discontinuity in the magnetic field direction. 

Figure 6 also shows direction data for another uD, at 0900 UT on day 
340, which gives the same results. A change in flow direction is 
expected in general if a uD is produced hy gliding flux tubes 
(see Burlaga 1968a, Figure 6), 

E. Stability of a uD. 

We have observed that large uD's do exist in the interplane- 
tary medium and that the magnetic field near them is not unus ually 
disturbed (see the illustrative examples in Figure 3 and the 
uncertainties in B, 9, and fa in Table l), suggesting that the uD’s 
are stable. It was also shown that all of the uD' s were observed 
simultaneously with directional discontinuities in the interplane- 
tary magnetic field and that these discontinuities were usually 
large, with the direction changes tending to be near 90°. Let 
us now examine these observations in terms of the Helmholtz 
instability. 

Sen (1963) has determined two necessary conditions for 


stability in an incompressible hydromagnet ic fluid, viz. 


and 


(b/+B 2 2 )AVt> 



( 6 ) 



7(Cy a ) 


[(OW bSY~ 


(T) 
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where p is the mass-density, V is the relative speed between 
two streamers, and B- 5 - is the component of B 

perpendicular to the relative velocity V. When B-j» Bg end 
Pi^Ps > as we have observed for the 11 large uD's, (6) and (j) 
reduce to 


t?v A > V 


(8) 


and 


S|n co 


i ( v y 

^ w A ) 




B % 


i r j 


(9) 


where y. is the AlfVen speed. 


Va fU/rdc)- JM- 


Bft) 


( 10 ) 


\] W 

Equations (8) and ( 9 ) are equivalent to those given by Landau 
and Lifshitz (i 960 ) for stability in an incompressible fluid. 

Let us assume for the moment that the interplanetary 
medium can be described as an incompressible fluid, and ask whether 
the observations of large uD's are consistent with (8) and ( 9 ). 
Equation ( 9 ) shows that a uD is absolutely unstable if the 
magnetic field direction does not change across the discontinuity 
(unless the field happens to be parallel to V). In other words, 
a directional discontinuity must accompany a uD if B_ is not parallel 
to V. The observations are consistent with this result. The LHS 
of (9) is maximum when the direction of B_ changes by oj=90° at a uD. To 
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determine the RHS of (9) it is necessary to know V, but this has not 
been measured. When cm is near 0° or 180° and B is nearly perpendicular 
to V, the RHS of (9) is approximately V 3 /(2V A 2 ), and stability is 
possible only for V«V A . When cu is near 0° or 180° and is nearly 
parallel to V, the RHS of (9) is on the order of (^) 2 V s /(2V^, and 
stability is possible only if V S <8V^ . When co=90°, the RHS of (9) 
is V®/(2V a s ) for all B. Thus, in general, discontinuities with cu near 
90° are more likely to be stable than those with small <». The 
observations that cu tends to be near 90°, and that there are no small 
tu's at uD's, even though Burlaga (1968b) has shown that in general 
directional discontinuities with small cu's are most probable, may be 
explained by (9). For example, suppose that near the sun there are 
uD's with V«V^; then (9) may be satisfied for uD's with both large 
and small directional discontinuities. Now par " 2 and Bar -2 , where r 
is the distance from the sun, so V A a r -1 . Thus, for a given constant 
cu and V, the uD will ultimately be convected to an r where. (9) is not 
satisfied, as Parker (1963) has noted, and the uD’s with small cu will 
become unstable before those with cu»90° , as shown by (9). 

The stability condition (8), i.e. V < v /r 2V A , must be satisfied 
regardless of the value of cu. We cannot test this condition 
directly since we measure only Au, the radial component of V (see 
Burlaga, 1968a, equation (6) ). Table 2, rows 10, 11, 13, and 14 
shows that all of the 11 large uD's satisfy (8) if V<1.1 Au, 9 satisfy 
(8) if V<1.4 Au, and 4 satisfy (8) if V<2Au. Thus, the existence of 
the large uD's in Table 1 is consistent with (8) is V«Au. Since 
Au £ V, and since we have 
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selected only the largest Au's, it is indeed probable that V**Au 
for the uD's in Table 1. 

The preceding discussion shows that the characteristics of 
large uD ’ s can be understood in terras of the theory of the 
Helmholtz instability in an incompressible medium. Strictly 
speaking, the assumption of incompressibility is not valid, for 
it implies that the speed of sound V s , is much greater then the 
Alfven speed, which is not even approximately true for the uD's 
in Table 2 (see rows 10, 12, 10, and 1!?). Thus, we must determine 
whether compressibility plays a significant physical role in. the 
Helmholtz instability. Parker (i 960 ) has studied the problem 

for the case g =g_ and B parallel to V; he finds two necessary 

• 1 ^ 

conditions for instability; 

V 2 < Z (11) 






( 12 ) 



- 3 7 


(L^/sec) 


Table 2 shows that the first of these conditions is not satisfied 


if V«Au, and the second condition is not satisfied in any case. 
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Therefore, stability is not ruled out. The same problem, 
B-js-Bg and B parallel to V, was treated by Sen (1964) who 
showed that the compressibility &as little effect when V*V A , 
and that is has a stabilizing effect for V>>V A , Thus the 
effect of compressibility strengthens our interpretation. 

The more general case B^Bg and B not parallel to V was also 
studied by Sen (1964) who concluded that the compressibility 
will probably have a destabilizing effect if V and a 

stabilizing effect if V ^ *{v A z +Vj l . Since v£ V A and V g <V A for 
our uD's, we expect the effect of compressibility to be small. 
Since compressibility is expected to have no large physical 
effect, equations (8) and (9) may give reasonable results. 


-19 



IV. SIMIARY 


This paper discusses large, discontinuous changes in the 
solar wind speed (changes not associated with interplanetary 
shocks ) which were observed in 3^00 ■ hours of data obtained 
between May 30, 196? and December .2.6, 1967 . The results are 

m 

as follows: 

1) The solar wind speed may change by more than 85 km/sec. 
in less than 3 minutes as it is convected past the earth 
orbiting satellite. This corresponds to a gradient at least 
of the order of (85 km/sec)/(Lo5km). Eleven solar wind 
speed discontinuities with &u >60 km/sec within 3 min. were 
observed in 3000 hours of data. Since several doubtful 
cases were ruled out for Instrumental reasons, eleven 

is a lower limit on the number of large uD's which actually 
existed. Seven of these showed an increase in u and 4 
showed a. decrease in u. 

2 ) Most of the uD’s occurred when u, T and B were high 
and n low. The pressure was constant across each of the 
uD's within the errors. A small increase (lV to 2 )) in 
B was observed for 3 uD's (2 increased and 3 decreased). 

3 ) Each uD was associated with a directional discontinuity 
in the magnetic field B. The high resolution magnetic field 
data show that a. ) in some cases the field changes rotating 
in a plane whose normal is in the direction B-|_ x B^. b. ) in 
other cases the field changes direction across the discontinuity 
by moving very erratically, and e. ) sometimes the direction 
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change is complete in 2.6 s end this cannot be studied in 
detail. The changes in the magnetic field direction at 
up's ranged from *;6° to l6l° and tended to be near 90 °; the 
average o was 93°. The changes are thus much larger than 
those normally observed at directional discontinuities. 

The vectors B]_ x Bp for the directional discontinuities a.t 
the large uD's ■were distributed as usual for directional 
discontinuities, namely, perpendicular to the spiral direction 
and out of the ecliptic plane. 

• ) The flow direction was observed to change at 3 large 
uD’s. Thus, the flow direction may change a,t a directional 
di s cont inuity . 

5) The existence of the large uD's is consistent with the 
theory of the Helmholtz instability. It is suggested that 
large uD' s with smaller were formed, but disintegrated by 
means of the Helmholtz instability, leaving only uD's with 
cu near 90 • 
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FIGURES 


Figure 1. 


Figure 2. 


Figure 3. 


A schematic illustration which describes a 
tangential discontinuity in terms of two hypothetical, 
rectangular, magnetic flux tubes. The figure shows the 
special case when the flux tubes are mutually perpendi- 
cular end inclined at an angle 9 with respect to the 
ecliptic plane. The tubes are shown separated by a. 
rotation fan. 

The upper diagram shows the arrangement of the 
detector relative to the sun sensor in the satellite. 

The sensitive cone of the detector is 2° wide. The 
rotation direction shown here is that which is. seen by 
an observer north of the ecliptic plane. The on-board 
computer stores the counts which are recorded, as the 
sensitive cone moves through each of these 22.5° sectors; 
the counts are recorded in the sequence given by the 
numbering of the sectors. The number of the sector 
with the maximum number of counts is transmitted, and 
indicates the flow direction. 

This shows the temperature, mean speed, density, 
magnetic field intensity, and magnetic field direction 
for each of 4 uD's. The top left sh ws a case in which 
high frequency fluctuations in the magnetic field were 
present (only the envelope of these fluctuations is shon ) . 
Six uD' s in Table 2 (E, F, G, H, I and K) are of this 
type. The top right shows a uD with 2 directional 
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Figure 4, 


Figure 5. 


Figure 6. 


discontinuities occur ing within the plasma, resolution 
time; two uD's (j and D) are of this type. No 
fluctuations were observed at 4 uD's (B, C, D, and j), 
as illustrated by the uD on the bottom right of this 
figure. Both uD's in the lower half of this figure 
contain rotation fans at the directional discontinuities. 
Figure 4a shows the solar ecliptic latitude of the 
vectors B^_ x B2 for each of the larger uD's in Table 1. 
The Figure 4b shows the corresponding longitudes. Note 
that the vectors tend to be directed away from the 
ecliptic plane and normal to the spiral field direction, 
as is characteristic of directional discontinuities. 
Figure 4c shows the values of oj for the directional 
discontinuities at the large uD's. Note the absence of 
small co s and the tendency to cluster near 90°. 

The top two curves are rotation fans associated with 
large uD's. The points were measured at 2.5 sec 
intervals, and the open circles are 20 second averages. 
The magnetic field vector changed direction by a rotation 
in a plane. The bottom curves shows a. case for which the 
magnetic field changed direction across a directional 
discontinuity by moving very erratically. 

This shows that the solar wind may change direction at 
a uD. The points indicate flow into sector 9 or 10 
(see Figure 2). The points are at 3 minute intervals, 
and. the dashed line indicates the time of the uD. 
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Table 1. 


Table 2. 


The plasma and magnetic field parameters for 11 
large uD's. 

Calculated quantities for 11 large uD' s. The 
quantities p,cu, 0 n , 9 n> v g and ^ were calculated 
from equations ( 2 ), (4), ( 5 ), ( 5 ), ( 10 ), ( 13 ) and (l), 
respectively. 
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